Understanding the relationships between genetic and microenvironmental factors that drive normal and malformed embryonic development is fundamental for discovering new therapeutic strategies. Advancements in imaging technology have enabled quantitative investigation of the organization and maturing of the body plan, but later stage embryonic morphogenesis is less clear. Chicken embryos are an attractive vertebrate animal model system for this application because of its ease of culture and surgical manipulation. Early embryos can be cultured for a short time on filter paper rings, which enables complete optical access for cell patterning and fate studies 1,2 . Studying advanced developmental processes such as cardiac morphogenesis are traditionally performed through a window of the eggshell 3-5 , but this technique limits optical access due to window size. We previously developed a simple method to culture whole embryos ex-ovo on hexagonal weigh boats for up to 10 days, which enabled high resolution imaging via ultrasonography 6,7 . These cultures were difficult to transport, limiting the types of imaging tools available for live experiments. We here present an improved shell-less culture system with a cost-effective, portable environmental chamber. Eggs were cracked onto a hammock created by a polyurethane membrane (cling wrap) affixed circumferentially to a plastic cup partially filled with sterile water. The dimensions of the circumference and depth of the hammock were both critical to maintain surface tension, while the mechanics of the hammock and water beneath helped dampen vibrations induced by transportation. A small footprint circulating water bath was also developed to enable continuous temperature control during experimentation. We demonstrate the ability to culture embryos in this way for at least 14 days without morphogenic defect or delay and employ this system in several microsurgical and imaging applications. Protocol 1. Ex-ovo Culture Protocol:
1. Incubate fertilized chicken eggs 1. Fertilized chicken eggs can be stored at 13°C up to 5 days before incubation without initiating development. A red wine cooler can maintain this temperature. 2. Incubate eggs blunt side up in a 60% constant humidity incubator with continuous rocking at 37.5°C for 72 hours.
2. Prepare hammocks (Figure 1a) 1. Fill ¾ of 9 oz plastic cups with warm sterile water. A regular 9 oz cup has a top diameter of 8 cm. We found that this size was most suitable for long time culture application presented here. 2. Cut about 20 cm cling wrap. Affix circumferentially on top of the cup by placing a rubber band around. Plastic should be spread on top of the water. Cut the excess plastic around the band. We found cling wrap to be most appropriate for this application since it prevents adhesion of the yolk, resulting in the yolk splitting during transportation. 3. Wipe the plastic with kimwipes (Kimberly-Clark, Inc.) wetted with 70% ethanol.
3. Remove eggs from incubator after 72 hours of incubation. 4. Sterilize eggs by wiping surface with 70% ethanol wetted kimwipes. 5. Lay the eggs horizontally for 1-2 minutes for proper positioning of the embryo (Figure 1b ). An egg carton can be used for laying eggs horizontally. Embryos will rotate to the top after 1-2 minutes. 6. Transfer embryos onto hammocks aseptically in a laminar flow hood.
1. Using a sharp edge (like the edge of a metal bucket or a glass beaker), tap the egg gently until there is a small dent on the underside of the egg (Figure 1c ). Remember, the embryo is positioned on the upperside. 2. Put thumbs in opposite sides of the dent and pull the shells apart horizontally (Figure 1d ). 3. Place the yolk with embryo as well as albumin onto the hammock (figure 1e). Albumin will provide a dampening environment around the yolk to absorb shocks induced by moving the system as well as it provides nutrition to the embryo for long culture practices. Water underneath the hammock will ensure the embryo will stay parallel to the ground during transport and serve as a conductor of heat during imaging if a water circulation heater is used. 4. The embryo should already be positioned on top if the transfer is performed properly. If not, use an unsharp, sterile object (ie. Blunt tip of closed curved scissors) and directionally caress the yolk such that the embryo rotates to the top. 5. Place a 10 cm diameter Petri dish on top of the cup to seal the embryo. 7. Place cup culture into the incubator set at 37.5°C. If a portable incubator is used, placing 1-2 9 oz cups filled with distilled water keeps the humidity at~60% (Figure 1f ). 8. If culturing embryos beyond embryonic day 7, crushed eggshell pieces should be scattered around the periphery of the embryo as a calcium source for bone development and maturation.
Accessory equipment for outside incubator imaging/ manipulation:
A circulating water bath was built in house to maintain incubation temperatures while imaging or manipulation (Figure 3) . A water bath that can fit the cup is connected via appropriate size tubing to a water reservoir. A resistance heater heats the water in the reservoir which is regulated manually by following the water temperature. A water pump circulates the water. Pictoral representation depicts imaging ease via ultrasongraphy/florescent microscopy (Figure 3 ). 
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Discussion
Optical access and experimentation in avian embryos is challenging due to constraints of the egg shell. Windowing significantly limits the number of microvessels accessible for injection and microsurgical approaches 8 . As a result only early embryos can be manipulated and continuous observation is not possible. Early ex-ovo cultures using Petri dishes were of limited use because of inadequate control of the surface tension on the embryo prevented long term culture 9 . We recently improved this technique using a hexagonal weigh boat that maintains acceptable surface tenstion 7 , but these cultures were difficult to transport. The technique presented here solves this problem and significantly expands the type of experimental methods and imaging techniques that can be employed including microinjection and surgical procedures. As research focuses on understanding later morphogenic events, this technique will enable monitoring and modulation of development events that are currently impossible to experimentally study continuously.
